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(54) Electrostatic actuator and camera module 

(57) An electrostatic actuator comprises a first sta- 
tor section (1) having a first electrode array (12) ar- 
ranged in a first direction, and a second stator section 
(2) having a second electrode array (22) of electrodes 
formed in the first direction. A movable section (3) hav- 
ing a fifth electrode (33) and a sixth electrode 34 ar- 
ranged to face the first electrode array (1 2) and the sec- 
ond electrode array (22), respectively, is arranged be- 
tween the first stator section (1) and the second stator 
section (2). A driving circuit (4) alternately performs a 
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using the same 

first driving operation in which a DC voltage is applied 
between the adjacent electrodes of the first electrode 
array (12) and a second driving operation in which a DC 
voltage is applied between the electrodes of the second 
elec rode array (22). The voltage application is succes- 
s.vely performed by deviating the positions of the elec- 
trodes to which the DC voltage is applied by the first 
driving operation so as to move the movable section (3) 
in the f,rst direction while vibrating the movable section 
(3) between the first stator section (1) and the second 
stator section (2). 
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Description 



[0001] The present invention relates to an electrostat- 
ic actuator for driving a movable section arranged be- 
tween a pair of stator sections by utilizing an electrostat- 
ic force (Coulomb force), particularly, to an electrostatic 
actuator that makes it unnecessary to use an electric 
wiring connected to the movable section and a camera 
module using the particular electrostatic actuator in the 
focus adjusting mechanism. 

[0002] An electrostatic actuator comprising a mova- 
ble section arranged between a pair of stator sections, 
said movable section being driven by an electrostatic 
force (Coulomb force), is disclosed in, for example, Jap- 
anese Patent Disclosure (Kokai) No. 8-140367. The 
conventional electrostatic actuator disclosed in this prior 
art comprises a first stator section and a second stator 
section, which are arranged to face each other, and a 
movable section arranged between these first and sec- 
ond stator sections. A first electrode array consisting of 
a plurality of electrodes arranged at a predetermined 
pitch in the longitudinal direction is mounted to the first 
stator section. Also, a second electrode array consisting 
of a plurality of electrodes arranged at a predetermined 
pitch in the longitudinal direction is mounted to the sec- 
ond stator section. It should be noted, however, that the 
phase of the electrodes of the first electrode array is de- 
viated from the phase of the electrodes of the second 
electrode array by a 1/2 pitch. 

[0003] To be more specific, the electrodes of each of 
the first electrode array and the second electrode array 
are divided on the imaginary basis into four groups A 
B, C and D, with every two electrodes in the arranging 
direction forming a single group, and a DC voltage is 
applied between the electrodes of each of these groups 
and the electrodes on the movable section. 
[0004] In the conventional electrostatic actuator dis- 
closed in this prior art, the driving operations (1) and (2) 
given below are alternately repeated: 

(1) A DC voltage is applied between the first elec- 
trode array and the electrode mounted to the mov- 
able section so as to attract electrostatically the 
movable section toward the first stator section; and 

(2) A DC voltage Is applied between the second' 
electrode array and the electrode mounted to the 
movable section so as to attract electrostatically the 
movable section toward the second stator section. 

[0005] By the driving operation given above, the mov- 
able section is macroscopically moved successively in 
the longitudinal direction of the stator sections by 1/2 
pitch of the electrode array while being vibrated micro- 
scopically between the first stator section and the sec- 
ond stator section. The moving direction of the movable 
section can be changed by changing the order of apply- 
ing a DV voltage to the electrodes of groups A, B, C and 
D. Specifically, the movable section can be moved in a 



first d.rection by applying a DC voltage to the electrodes 
of groups A and B, the electrodes of groups B and C 
the electrodes of groups C and D, and the electrodes of 
group D in the order mentioned. Also, the movable sec- 
tion can be moved in a second direction opposite to said 
first d.rection by applying a DC voltage to the electrodes 
of groups D and C, the electrodes of groups C and B 
the electrodes of groups B and A, and the electrodes of 
group A in the order mentioned. 
*o [0006] In the conventional electrostatic actuator uti- 
lized is the electrostatic force generated when a DC volt- 
age is applied between the electrode arrays on the sta- 
tor sections and the electrode on the movable section 
so as to make it absolutely necessary to mount an elec- 
'5 trical wiring to not only the electrode arrays on the stator 
sections but also to the electrode on the movable sec- 
tion. Since It Is necessary to mount an electrical wirinq 
to the movable section, the mass production capability 
of the electrostatic actuator is impaired. Also, since the 
space for the wiring is required, the miniaturization of 
the electrostatic actuator is impaired. Further, since the 
movable section is moved frequently, stress is applied 
to the wiring to the electrode on the movable section 
with the result that the reliability is lowered during use 
of the electrostatic actuator over a long time 
[0007] It should also be noted that, in the conventional 
electrostatic actuator, a dielectric film is formed on the 
electrode as a measure against the insulation break- 
down. What should be noted is that the dielectric polar- 
30 ization is generated in the dielectric film when a DC volt- 
age is applied between the electrode arrays on the sta- 
tor sections and the electrode on the movable section 
The dielectric polarization produces the force for keep- 
mg the movable section, which is attracted to one of the 
35 stator sections, attracted to the particular stator section 
The potential difference produced by the dielectric po- 
larization is small. However, since the distance between 
the movable section and the stator section is small it is 
possible for the force produced by the dielectric polari- 
zation to become larger than the electrostatic force pro- 
duced between the electrode on the other stator section 
and the electrode on the movable section, with the result 
that the normal moving operation of the movable section 
tends to be obstructed. 
43 [0008] As described above, in the conventional elec- 
trostatic actuator, in which the movable section is moved 
by utilizing the electrostatic force generated when a DC 
voltage is applied between the electrode array on the 
stator section and the electrode on the movable section 
it is absolutely necessary to mount an electrical wiring 
to the electrode on the movable section so as to give 
rise to the problems that the mass production capability 
of the electrostatic actuator is lowered, that the electro' 
static actuator is rendered bulky because of the require- 
ment of the space occupied by the electrical wiring, and 
that the reliability of the electrostatic actuator is lowered 
over a long time. 

[0009] In addition, the conventional electrostatic ac- 



1202099A2J_> 



3 



EP 1 202 099 A2 



« v • - t^nrj maintained at the first and second 
■ ci^nq mc second period, respectively, 
f • 2 c C voltage signal being applied to the ad- 
» second and third electrodes of the first elec- 
f ^.fr^v to a:tract the first electrode section of 5 
r^o -nevrtDic section during a third period, the sec- 
r «a third electrodes of the first electrode array 
t c=' q remained at the first and second levels dur- 
»«q t^cihrd period, respectively, 
: ->c louih DC voltage signal being applied to the ad- w 
Hccm dfth and sixth electrodes of the second elec- 
i-vac *n*y to attract the second electrode section 
cf the movable section during a fourth period, the 
i f th nna s.xth electrodes of the second electrode ar- 
r -iv ocnq maintained at the first and second levels is 
Co-.nq tnc fourth period, respectively, and 
nc -novHOte section being moved in the first dlrec- 
i or , n accordance with the application of the first, 
mx omc it itti and fourth DC voltage signals. 

20 

[O016J Acco-ding to a third aspect of the present in- 

vcn:, 0 n thefc 6 provided an electrostatic actuator, com- 
prisirq 

* fir ti etaior section including first and second elec- 25 
t-ooo arrnys oach including first, second and third 
electrodes and arranged substantially in parallel 
**nn hi h predetermined pitch in a first direction; 
h second stalor section arranged to face the first 
stator section and to define a space between the 30 
f rst and second stator sections, and including a 
turd electrode array including fourth and fifth elec- 
I'Odcs 

a movable section arranged in the space and in- 
ducing a first electrode section facing the first elec- 35 
l rode array and a second electrode section facing 
ine second electrode array, the first and second 
electrode sections being maintained at a predeter- 
mined Moating potential; and 

a drying circuit configured to apply DC voltage sig- 40 
nals to the first and second electrode arrays and the 
third electrode array, alternatively, the DC voltage 
signal having a first level higher than the predeter- 
mined floating potential and a second level lower 
than the predetermined floating potential, 45 
the first DC voltage signal being applied to the first 
electrodes of the first and second electrode arrays 
to attract the first electrode section of the movable 
section during a first period, the first electrodes of 
the first and second electrode arrays being main- so 
taincd at the first and second levels during the first 
period, respectively, 

the second DC voltage signal being applied to the 
fourth and fifth electrodes of the third electrode ar- 
ray to attract the second electrode section of the 55 
movable section during a second period, 
the third DC voltage signal being applied to the sec- 
ond electrodes of the first and second electrode ar- 



rays to attract the first electrode section of the mov- 
able section during a third period, the second elec- 
trodes of the first and second electrode arrays being 
maintained at the first and second levels during the 
third period, respectively, and the movable section 
being moved in the first direction in accordance with 
the application of the first, second and third DC volt- 
age signals. 

[0017] According to a fourth aspect of the present in- 
vention, there is provided an electrostatic actuator com- 
prising: ' 

a first stator section including first and second elec- 
trode arrays each including first and second elec- 
trodes and arranged substantially in parallel and at 
a predetermined pitch in a first direction; 
a second stator section arranged to face the first 
stator section and to define a space between the 
first and second stator sections, and including third 
and fourth electrode arrays each including third and 
fourth electrodes and arranged substantially in par- 
allel and at a predetermined pitch in the first direc- 
tion, the third and fourth electrode array being ar- 
ranged at the same pitch as that of the first and sec- 
ond electrode arrays in the first direction and the 
arrangement of the third and fourth electrode arrays 
being deviated by the half of the predetermined 
pitch from the arrangement of the first and second 
electrode arrays; 

a movable section arranged in the space and in- 
cluding a first electrode section facing the first and 
second electrode arrays and a second electrode 
section facing the third and fourth electrode arrays 
the first and second electrode sections being main- 
tained at a predetermined floating potential; and 
a driving circuit configured to apply DC voltage sig- 
nals to the first, second, third and fourth electrode 
arrays, alternatively, the DC voltage signal having 
a first level higher than the predetermined floating 
potential and a second level lower than the prede- 
termined floating potential, 

the first DC voltage being applied to the first elec- 
trodes of the first and second electrode arrays to 
attract the first electrode section of the movable 
section during a first period, the first electrodes of 
the first and second electrode arrays being main- 
tained at the first and second levels during the first 
period, respectively, 

the second DC voltage being applied to the third 
electrodes of the third and fourth electrode arrays 
to attract the second electrode section of the mov- 
able section during a second period, the third elec- 
trodes of the third and fourth electrode arrays being 
maintained at the first and second levels during the 
second period, respectively, 

the third DC voltage being applied to the second 
electrodes of the first and second electrode arrays 
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od, the second and third electrodes of the first 
electrode array being maintained at the first and 
second levels during the third period, respec- 
tively, 

the fourth DC voltage signal being applied to 5 
the fourth and fifth electrodes of the second 
. electrode array to attract the second electrode 
section of the movable section during a fourth 
period, the fourth electrode of the second elec- 
trode array being maintained at one of the first 10 
and second levels during the fourth period, and 
the fifth electrode of the second electrode array 
being maintained at the other of first and sec- 
ond levels during the fourth period, and 
the movable section being moved in the first di- n 
rection in accordance with the application of the 
first, second, third and fourth DC voltage sig- 
nals; 

a lens mounted in the movable section and 
movable with the movable section, configured 20 
to transfer the picture image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

25 

[0020] According to a seventh aspect of the present 
invention, there is provided a camera module for photo- 
graphing a picture image, comprising: 

an electrostatic actuator, including: 30 

a first stator section including a first electrode 
array including first, second and third elec- 
trodes arranged at a predetermined pitch in a 
first direction; 35 
a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections, and 
including a second electrode array including 
fourth, fifth and sixth electrodes arranged at the 40 
predetermined pitch in the first direction; 
a movable section arranged in the space and 
including a first electrode section facing the first 
electrode array and a second electrode section 
facing the second electrode array, the first and 45 
second electrode sections being maintained at 
a predetermined floating potential; and 
a driving circuit configured to apply DC voltage 
signals to the first and second electrode arrays, 
alternatively, the DC voltage signal having a so 
first level higher than the predetermined float- 
ing potential and a second level lower than the 
predetermined floating potential, 
the first DC voltage signal being applied to the 
adjacent first and second electrodes of the first ss 
electrode array to attract the first electrode sec- 
tion of the movable section during a first period, 
the first and second electrodes of the first elec- 



trode array being maintained at the first and 
second levels during the first period, respec- 
tively, 

the second DC voltage signal being applied to 
the adjacent fourth and fifth electrodes of the 
second electrode array to attract the second 
electrode section of the movable section during 
a second period, the fourth and fifth electrodes 
of the second electrode array being maintained 
at the first and second levels during the second 
period, respectively, 

the third DC voltage signal being applied to the 
adjacent second and third electrodes of the first 
electrode array to attract the first electrode sec- 
tion of the movable section during a third peri- 
od, the second and third electrodes of the first 
electrode array being maintained at the first and 
second levels during the third period, respec- 
tively, 

the fourth DC voltage signal being applied to 
the adjacent fifth and sixth electrodes of the 
second electrode array to attract the second 
electrode section of the movable section during 
a fourth period, the fifth and sixth electrodes of 
the second electrode array being maintained at 
the first and second levels during the fourth pe- 
riod, respectively, and 

the movable section being moved in the first di- 
rection in accordance with the application of the 
first, second, third and fourth DC voltage sig- 
nals; 

a lens mounted in the movable section and 
movable with the movable section, configured 
to transfer the picture image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

[0021 ] According to a eighth aspect of the present in- 
vention, there is provided a camera module for photo- 
graphing a picture image, comprising: 

an electrostatic actuator, including: 

a first stator section including first and second 
electrode arrays each including first and sec- 
ond electrodes and arranged substantially in 
parallel and at a predetermined pitch in a first 
direction; 

a second stator section arranged to face the 
first stator section and to define a space be- 
tween the first and second stator sections, and 
including third and fourth electrode arrays each 
including third and fourth electrodes and ar- 
ranged substantially in parallel and at a prede- 
termined pitch in the first direction, the third and 
fourth electrode array being arranged at the 
same pitch as that of the first and second elec- 
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the third period, and the movable section being 
moved in the first direction in accordance with 
the application of the first, second and third DC 
voltage signals; 

a lens mounted in the movable section and 
movable with the movable section, configured 
to transfer the picture image; and 
an image pick-up element configured to receive 
the transferred picture image to generate a im- 
age signal. 

[0023] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0024] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIGS. 1A and 1B are cross sectional views sche- 
matically showing the construction of the electro- 
static actuator according to a first embodiment of 
the present invention in a longitudinal direction of 
the electrostatic actuator and in a direction perpen- 
dicular to the longitudinal direction, respectively; 
FIG. 2 schematically shows the constructions of the 
f .rst electrode array and the second electrode array 
on the first stator section and the second stator sec- 
tion shown in FIGS. 1 A and 1B, respectively, as well 
as the construction of the driving circuit; 
FIGS. 3A to 3F are timing charts for describing the 
operation of the electrostatic actuator shown in 
FIGS. 1 A and 1 B; 

FIG 4 schematically shows how the first step is per- 
formed for operating the electrostatic actuator 
shown in FIGS. 1A and 1B; 
FIG 5 schematically shows how the second step is 
performed for operating the electrostatic actuator 
shown in FIGS. 1A and 1B; 
FIG 6 schematically shows how the third step is 
performed for operating the electrostatic actuator 
shown in FIGS. 1 A and 1B; 
FIG. 7 schematically shows how the fourth step is 
performed for operating the electrostatic actuator 
shown in FIGS. 1A and IB; 

FIG. 8 is a cross sectional view schematically show- 
ing the construction of the electrostatic actuator ac- 
cording to a second embodiment of the present in- 
vention in a longitudinal direction of the electrostatic 
actuator; 

FIG. 9 schematically shows the constructions of the 
first electrode array and the second electrode array 
on the first stator section and the second stator sec- 
tion shown in FIG. 8, respectively, as well as the 
construction of the driving circuit; 
FIGS. 10A to 10H are timing charts for describing 
the operation of the electrostatic actuator shown in 
FIG. 8; 
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FIG. 11 schematically shows how the first step is 
performed for operating the electrostatic actuator 
shown in FIG. 8; 

FIG. 12 is a plan view schematically showing the 
construction of the electrode array on the first stator 
section in an electrostatic actuator according to a 
third embodiment of the present invention; 
FIGS. 13A to 13J are timing charts for describing 
the operation of the electrostatic actuator shown in 
FIG. 12; 

FIG. 14 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a fourth embodiment of the present in- 
vention; 

FIG. 15 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a fifth embodiment of the present in- 
vention; 

FIG. 16A and 16B are a plan view schematically 
showing the construction of the first and second 
electrode arrays on the first and second stator sec- 
tions included in an electrostatic actuator according 
to a sixth embodiment of the present invention; 
FIGS. 17A to 17H are timing charts for describing 
the operation of the electrostatic actuator shown in 
FIG. 16; 

FIG. 18 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a seventh embodiment of the present 
invention; 

FIG. 19 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to a eighth embodiment of the present in- 
vention; 

FIG. 20 is a plan view schematically showing the 
construction of the first electrode array on the first 
stator section included in an electrostatic actuator 
according to an ninth embodiment of the present in- 
vention; and 

FIG. 21 is a plan view showing a small electronic 
camera module according to a tenth embodiment 
of the present invention, which is a modification of 
the electrostatic actuator of the present invention. 

[0025] Some embodiments of the present invention 
will now be described with reference to the accompany- 
ing drawings. 7 



55 



(First Embodiment) 

[0026] FIGS. 1A and 1B collectively show the con- 
struction of an electrostatic actuator according to a first 
embodiment of the present invention; wherein FIG 1 A 
is a cross sectional view showing the electrostatic actu- 
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the switching circuits 43, 44 in accordance with a drive 
instruction signal S1 and a direction instruction signal 
S2 generated from, for example, a host computer (not 
shown). 

[0034] The operation of the electrostatic actuator ac- 
cording to the first embodiment of the present invention 
will now be described with reference to the time charts 
shown in FIGS. 3A to 3F and to the operating states 
shown in FIGS. 4 to 7. FIGS. 3A to 3F show the wave 
formsofthe voltages applied to the electrodes 12A 12B 
12C, 12D, 22M and 22N, and FIGS. 4 to 7 show how 
the movable section 3 is moved. 
[0035] In starting the operation, the drive instruction 
signal S1 is supplied to the switch control circuit 45 so 
as to renderthe driving circuit 4 active. At the same time, 
the direction instruction signal S2 is supplied to the 
switch control circuit 45 so as to determine whether the 
movable section 3 is moved to the right or to the left in 
FIG. 1A. The following description is on the basis that 
the movable section 3 is moved to the right unless oth- 
erwise pointed out specifically. 

[0036] In response to the drive instruction signal S1 
and the direction instruction signal S2, a positive voltage 
and a negative voltage are applied from the DC voltage 
source 41 to the electrode 12A and the electrode 12B, 
respectively, through the switching circuit 43 for a pre- 
determined period T1 , as shown in FIGS. 3A and 3B. In 
this stage, the electrode 12A, the fifth electrode 33 and 
the electrode 12B collectively form a series circuit in- 
cluding two capacitors, and a line E1 of electric force 
runs through the electrode 12A, the fifth electrode 33 
and the electrode 12B. It should be noted that the line 
E1 of electric force tends to shrink as much as possible. 
As a result, an electrostatic attractive force is generated 
between the electrodes 12A, 12B and the fifth electrode 
33 so as to cause the movable section 3 to be moved 
toward the first stator section 1 . 
[0037] In the next step, positive and negative voltages 
are applied from the DC voltage source 42 to the elec- 
trode 22M and 22N, respectively, through the switching 
circuit 44 for a predetermined period T2, as shown in 
FIGS. 3E and 3F. In this stage, the circuit formed of the 
electrode 22M, the sixth electrode 34 and the electrode 
22N corresponds to an equivalent series circuit includ- 
ing two capacitors so as to generate a line E2 of electric 
force running through the electrode 22M, the sixth elec- 
trode 34 and the electrode 22N, as shown in FIG . 5. The 
line E2 of electric force thus generate also tends to 
shrink and, thus, an electrostatic attractive force is gen- 
erated between the electrode 22M, 22N and the sixth 
electrode 34. It follows that the movable section 3 is 
moved toward the second stator section 2. 
[0038] Further, a positive voltage and a negative volt- 
age are applied to the electrode 12B and the electrode 
12C, respectively, during a period T3 as shown in FIGS. 
3B and 3C. As a result, line E3 of electric force is gen- 
erated to run through the electrode 12B, the fifth elec- 
trode 33 and the electrode 12C, and an electrostatic at- 



tractive force is generated between the electrodes 12B, 
1 2C and the fifth electrode 33. It follows that the movable 
section 3 is moved toward the first stator section 1 It 
should be noted that the electrodes 12B, 12C included 
5 in the first electrode array 12 and having voltages ap- 
plied thereto are deviated by one pitch (P) from the elec- 
trodes 1 2A, 1 2B to which the voltages were applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right by one pitch P when 
10 moved toward the first stator section 2. 

[0039] In the next step, a positive voltage and a neg- 
ative voltage are applied to the electrode 22N and the 
electrode 22M, respectively, during a period T4 as 
shown in FIGS. 3E and 3F. As a result, a line E4 of elec- 
ts trie force is generated to run through the electrode 22N 
the sixth electrode 34 and the electrode 22M so as to 
generate an electrostatic attractive force between the 
electrodes 22M, 22N and the sixth electrode 34. It fol- 
lows that the movable section 3 is moved toward the 
20 second stator section. 

[0040] Likewise, a positive voltage and a negative 
voltage are applied to the electrode 12C and the elec- 
trode 12D, respectively, during a period T5, as shown in 
FIGS. 3C and 3D and, then, a positive voltage and a 
25 negative voltage are applied to the electrode 22M and 
the electrode 22N, respectively, during a period T6 like 
during the period T2, as shown in FIGS. 3E and 3F. 
Then, a positive voltage and a negative voltage are ap- 
plied to the electrode 12D and the electrode 12A re- 
30 spectively, during a period T7, as shown in FIGS.' 3D 
and 3A and, then, a positive voltage and a negative volt- 
age are applied to the electrode 22N and the electrode 
22M, respectively, during a period T8 like during the pe- 
nod T4, as shown in FIGS. 3E and 3F. The operations 
35 described above are successively performed so as to 
finish the operation of one period T consisting of the pe- 
riods T1 to T8 referred to above. 
[0041] By the operation described above, the mova- 
ble section 3 is successively moved macroscopically 
40 pitch by pitch in the arranging direction (X-direction) of 
the first electrode array 12 on the first stator section 1 
i.e., to the right in FIG. 1 A, while being vibrated micro- 
scopically between the first stator section 1 and the sec- 
ond stator section 2. 
™ [0042] Where the direction instruction signal S2 in- 
structing the movement of the movable section 3 to the 
right in FIG. 1 A is supplied to the switch control circuit 
45, the DC voltage is applied successively between the 
electrodes 12D and 12A, between the electrodes 22M 
50 and 22N, between the electrodes 12C and 12C be- 
tween the electrodes 22N and 22M, between the elec- 
trodes 12B and 12C, between the electrodes 22M and 
22N, between the electrodes 12A and 12B, and be- 
tween the electrodes 22N and 22M from the period T8 
55 toward the period T1 shown in FIGS. 3A to 3F. As a re- 
sult, the movable section 3 is successively moved mac- 
roscopically to the left in FIG. 1 A while being vibrated 
between the first stator section 1 and the second stator 
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[0049] As shown in FIG. 9, the driving circuit 4 in- 
cludes two DC voltage sources 41, 42, two switching 
circuits 43, 44 serving to switch the DC voltage signals 
generated from the DC voltage sources 41 , 42 so as to 
generate rectangular wave form voltage signals, and a 
switch control circuit 45 serving to control the outputs of 
the rectangular wave form voltage signals generated 
from the switching circuits 43, 44. The switching circuit 
43 serving to connect the first electrode array 12 to the 
DC voltage source 41 via the wiring 14 includes an input 
terminal and an output terminal. The output generated 
from the output terminal is controlled by a control signal 
generated from the switch control circuit 45 and supplied 
to the input terminal. Likewise, the switching circuit 44 
serving to connect the second electrode array 22 to the 
DC voltage source 42 includes an input terminal and an 
output terminal. The output generated from the output 
terminal is controlled by a control signal generated from 
the switch control circuit and supplied to the input termi- 
nal. The switch control circuit 45 is constructed to control 
the switching circuits 43, 44 in accordance with a drive 
instruction signal S1 and a direction instruction signal 
S2 generated from, for example, a host computer (not 
shown). 

[0050] The operation of the electrostatic actuator ac- 
cording to th e second embodiment of the present inven- 
tion will now be described with reference to the time 
charts shown in FIGS. 1 0A to 1 0H and to the operating 
states shown in FIG. 11. FIGS. 10A to 10H show the 
wave forms of the voltages applied to the electrodes 
12A, 12B, 12C, 12D, 22E, 22F, 22G and 22H, and FIG. 
1 1 show how the movable section 3 is moved. 
[0051] In starting the operation, the drive instruction 
signal S1 is supplied to the switch control circuit 45 so 
as to render the driving circuit 4 active. At the same time, 
the direction instruction signal S2 is supplied to the 
switch control circuit 45 so as to determine whether the 
movable section 3 is moved to the right orto the right in 
FIG. 8. The following description is on the basis that the 
movable section 3 is moved to the right unless otherwise 
pointed out specifically. 

[0052] In response to the drive instruction signal S1 
and the direction instruction signal S2, a positive voltage 
and a negative voltage are applied from the DC voltage 
source 41 to the electrode 12A and the electrode 12B 
respectively, through the switching circuit 43 for a pre- 
determined period T1 , as shown in FIGS. 1 1 A and 1 1 B. 
In this stage, the electrode 12A, the electrode 33 and 
the electrode 12B collectively form a series circuit in- 
cluding two capacitors, and lines E1 of electric force run 
through the electrode 12A, the electrode 33 and the 
electrode 12B. It should be noted that the lines E1 of 
electric force tends to shrink as much as possible. As a 
result, an electrostatic attractive force is generated be- 
tween the electrodes 12A, 12B and the electrode 33 so 
as to cause the movable section 3 to be moved toward 
the first stator section 1 . 

[0053] In the next step, positive and negative voltages 



are applied from the DC voltage source 42 to the elec- 
trode 22G and 22H, respectively, through the switching 
circuit 44 for a predetermined period T2, as shown in 
FIGS. 10G and 10H. In this stage, the circuit formed of 
5 the electrode 22G, the electrode 34 and the electrode 
22H corresponds to an equivalent series circuit includ- 
ing two capacitors so as to generate lines E2 of electric 
force running through the electrode 22G, the electrode 
34 and the electrode 22H. The lines E2 of electric force 
10 thus generate also tends to shrink and, thus, an electro- 
static attractive force is generated between the elec- 
trode 22G, 22H and the electrode 34. It follows that the 
movable section 3 is moved toward the second stator 
section 2. The electrodes 22G, 22H of the first electrode 
is array 22, to which positive and negative voltages are 
applied, are deviated by P/2 pitch from the electrodes 
1 2A and 1 2B of the first electrode array 1 2 to which volt- 
ages have been applied during the period T1. Thus the 
movable section 3 is moved by P/2 pitch in the right di- 
rection at the time of moving the movable section 2 from 
the first stator section 1 2 toward the second stator sec- 
tion 22. 

[0054] Further, a positive voltage and a negative volt- 
age are applied to the electrode 12B and the electrode 
12C, respectively, during a period T3 as shown in FIGS 
10B and 10C. As a result, lines E3 of electric force are 
generated to run through the electrode 12B the elec 
trode 33 and the electrode 12C, and an electrostatic at- 
tractive force is generated between the electrodes 1 2B 
30 12C and the electrode 33. It follows that the movable 
section 3 is moved toward the first stator section 1 It 
should be noted that the electrodes 12B, 12C included 
in the first electrode array 12 and having voltages ap- 
plied thereto are deviated by one pitch (P) from the elec- 
ts trodes 12A, 12Bto which the voltages were applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right when moved toward the 
first stator section 2. 

[0055] In the next step, a positive voltage and a neg- 
40 ative voltage are applied to the electrode 22E and the 
electrode 22H, respectively, during a period T4 as 
shown in FIGS. 10E and 10H. As a result, lines E4 of 
electric force are generated to run through the electrode 
22E, the electrode 34 and the electrode 22H so as to 
generate an electrostatic attractive force between the 
electrodes 22E, 22H and the electrode 34. It follows that 
the movable section 3 is moved toward the second sta- 
tor section 22. 

[0056] Likewise, a positive voltage and a negative 
voltage are applied to the electrode 12C and the elec- 
• trode 1 2D, respectively, during a period T5, as shown in 
FIGS. 10C and 10D and, then, a positive voltage and a 
negative voltage are applied to the electrode 22E and 
the electrode 22F, respectively, during a period T6 like 
^ during the period T2, as shown in FIGS. 1 0E and 1 0F. 
Then, a positive voltage and a negative voltage are ap- 
plied to the electrode 12D and the electrode 12A re- 
spectively, during a period T7, as shown in FIGS. 10D 
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the electrode 12A+ as shown in FIG. 13A, a negative 
voltage is applied to the electrode 1 2A- as shown in FIG. 
13B, a positive voltage is applied to the electrode 12B+ 
as shown in FIG. 13C, and a negative voltage is applied 
to the electrode 12B- as shown in FIG. 13D. In this 
stage, each of the circuit formed of the electrode 1 2A+, 
the fifth electrode 33 and the electrode 1 2A- and the cir- 
cuit formed of the electrode 1 2B+, the fifth electrode 33 
and the electrode 1 2B-forms an equivalent series circuit 
including two capacitors. As a result, generated are lines 
of electric force running through the route consisting of 
the electrode 1 2A+, the fifth electrode 33, and the elec- 
trode 12A- and the route consisting of the electrode 
12B+, the fifth electrode 33 and the electrode 12B-. 
Since these lines of electric force tend to shrink as much 
as possible, an electrostatic attractive force is generated 
between the electrodes 1 2A+, 12A-, 12B+, 12B-andthe 
fifth electrode 33, with the result that the movable sec- 
tion 3 is moved toward the first stator section 1 . 
[0065] In the next step, a positive voltage is applied 
to the electrode M22 as shown in FIG. 131 and a nega- 
tive voltage is applied to the electrode N22 as shown in 
FIG. 13J. In this stage, the circuit formed of the electrode 
M22, the sixth electrode 34 and the electrode N22 cor- 
responds to a series equivalent circuit including two ca- 
pacitors and, thus, lines of electric force are formed to 
run through the electrode M22, the sixth electrode 34 
and the electrode N22. Since the lines of electric force 
thus formed tend to shrink as much as possible, an elec- 
trostatic attractive force is generated between the elec- 
trodes M22, N22 and the sixth electrode 34, with the re- 
sult that the movable section 3 is moved toward the sec- 
ond stator section 2. 

[0066] In the next step, which is not absolutely nec- 
essary, the voltages of the polarity opposite to that of 
the voltages applied during the period T1 are applied 
during a period T3 such that a negative voltage is ap- 
plied to the electrode 1 2A+, a positive voltage is applied 
to the electrode 12A-, a negative voltage is applied to 
the electrode 12B+, and a positive voltage is applied to 
the electrode 12B-. Further, the voltages of the polarity 
opposite to that of the voltages applied during the period 
T2 are applied during a period T4 such that a negative 
voltage is applied to the electrode 22M, a positive volt- 
age is applied to the electrode 22N. Since the voltages 
of the polarity opposite to that of the voltages applied 
during the periods T1 and T2 are applied to the elec- 
trodes12A+, 12A-, 12B+, 12B-,22M and 22N during the 
periods T3 and T4, the charge generated by the dielec- 
tric polarization of the dielectric films 13, 23 formed as 
a measure against the insulation breakdown is dis- 
charged, with the result that the moving operation of the 
movable section 3 is prevented from being rendered un- 
stable by the dielectric polarization. 
[0067] Then, a positive voltage is applied to the elec- 
trode 12B+ as shown in FIG. 13B, a negative voltage is 
applied to the electrode 12B- as shown in FIG. 13D, a 
positive voltage is applied to the electrode 1 CB+ as 



shown in FIG. 13E and a negative voltage is applied to 
the electrode 12C- as shown in FIG. 13F. In this stage, 
an electrostatic attractive force is generated between 
the electrodes 12B+. 12B-, 12C+, 12c- and the third 
5 electrode 3e3, with the result that the movable section 
3 is moved toward the first stator section 2. It should be 
noted that the electrodes 12B+, 12B-, 12C+, 12C- ofthe 
first electrode array 12 to which the voltage is applied 
are deviated by one pitch from the electrodes 12A+ 
10 12A-, 12B+, 12B- to which the voltage was applied pre- 
viously during the period T1 . It follows that the movable 
section 3 is moved to the right by one pitch when moved 
toward the first stator section 1 . Then, a positive voltage 
is applied to the electrode M22 and a negative voltage 
is ls applied to the electrode N22 during a period T6 as 
shown in FIGS. 91 and 9J. As a result, an electrostatic 
attractive force is generated between the electrodes 
22M, 22N and the sixth electrode 34, with the result that 
the movable section 3 is moved toward the second sta- 
zo tor section 2. 

[0068] Further, the voltages ofthe polarity opposite to 
that of the voltages applied during the periods T5 and 
T6 are applied during a period T7 as during the periods 
T3 and T4 such that a negative voltage is applied to the 
25 electrode 12B+ as shown in FIG. 13C, a positive voltage 
is applied to the electrode 12B- as shown in FIG. 13D, 
a negative voltage is applied to the electrode 12C+ as 
shown in FIG. 13E, and a positive voltage is applied to 
the electrode 12C- as shown in FIG. 13F. Then, a neg- 
30 ative voltage is applied to the electrode M22 and a pos- 
itive voltage is applied to the electrode N22 during a pe- 
riod T8 as shown in FIGS. 91 and 9J so as to cancel the 
charge produced by the dielectric polarization of the di- 
electric films 1 3, 23. It follows that the moving operation 
35 of the movable section 3 is prevented from being ren- 
dered unstable by the dielectric polarization. 
[0069] Similarly, a first driving operation in which a DC 
voltage is applied to two sets of the electrodes 12A+, 
12B+, 12C+, 12D+ of the first electrode group 12-1 of 
*o the first electrode array 12 and the electrodes 12A-, 
12B-, 12C-, 12D- ofthe second electrode group 12-2 of 
the first electrode array 12 and a second driving opera- 
tion in which a DC voltage is applied to the electrodes 
M22, N22 are alternately repeated. In addition, the po- 
45 sitions of the electrodes of the first electrode group 1 2-1 
are successively deviated by one pitch from the elec- 
trodes of the second electrode group 12-2 during peri- 
ods T9 to T12 such that the driving operation for one 
period T is finished by the periods T1 to T1 2. 
50 [0070] By the driving operation described above, the 
movable section 3 is macroscopically moved to the right 
while being vibrated microscopically between the first 
stator section 1 and the second stator section 2, as in 
thefirstembodiment. If the order of applying the DC volt- 
55 age to the electrodes is made opposite to that described 
above, the movable section 3 can be moved to the left 
in FIG. 12. 

[0071] The third embodiment described above pro- 
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nr ■ ~\ »v mov^d toward the second stator section 

(0078) the next stop, a positive voltage is applied 
tc cioci'odc 12C» and a negative voltage is applied 
lo the outrode 12C- for a predetermined period so as 5 
t c QdCMic an electrostatic attractive force between the 
cicc:r?a?s 12C« . 12C- and the fifth electrode 33, with 
ir>; ros^r: that the movable section 3 is moved toward 
th - h's: sintor section 1 . Then, a negative voltage is ap- 
pi«ea tc ho electrode 22M and a positive voltage is ap- w 
piied to the electrode 22N so as to generate an electro- 
si*:*: #«::'HCtfvc force between the electrodes 22M, 22N 
«ro the s»x!h electrode 34, with the result that the mov- 
able section 3 is moved toward the second stator section 
2 it 5 hou«a Dc noted that the positions of the electrodes 15 
uu. nna - ci the first electrode array 12 to which 
the v yw r^cs rt-o applied are deviated by 1/2 pitch (P/2) 
from the positions o' the electrodes 12A+ and 12A- to 
whiLh i^K.- voltages were applied previously, with the re- 
slIi t*»n! trie fruvrible section 3 is moved by P/2 to the 20 
ngh: when -noved toward the second stator section 2. 
[0079] Likewise, a positive voltage is applied to the 
elcctfoae 1?B* nnd a negative voltage is applied to the 
electrode 1 2B for a predetermined period so as to gen- 
erate an electrostatic attractive force between the elec- 25 
trodos 12B* 12B- and the fifth electrode 33, with the 
resul: that the movable section 3 is moved toward the 
first senior section 1 . Then, a positive voltage is applied 
to the electrode 22M and a negative voltage is applied 
to the electrode 22N so as to generate an electrostatic 30 
attractive force between the electrodes 22M, 22N and 
the s xtr electrode 34, with the result that the movable 
section 3 is moved toward the second stator section 2. 
Further a positive voltage is applied to the electrode 
12D* ard a negative voltage is applied to the electrode 35 
12D- for a predetermined period so as to generate an 
electrostatic attractive force between the electrodes 
1 2D* . 1 2D- and the fifth electrode 33, with the result that 
the movable section 3 is moved toward the first stator 
section 1 Then, a negative voltage is applied to the elec- 40 
trode 22M and a positive voltage is applied to the elec- 
trode 22N so as to generate an electrostatic attractive 
force between the electrodes 22M, 22N and the sixth 
electrode 34. with the result that the movable section 3 
is moved toward the second stator section 2. 45 
[0080] By the driving operation described above, the 
movable section 3 is macroscopically moved to the right 
while being vibrated microscopically between the first 
stator section 1 and the second stator section 2, as in 
the first embodiment. If the order of applying the DC volt- 50 
age to the electrodes is made opposite to that described 
above, the movable section 3 can be moved to the left 
in FIG. 14. 

[0081] The fourth embodiment described above pro- 
duces the effects similar to those produced by the first 55 
embodiment described previously. Also, in the first em- 
bodiment, the movement resolution of the movable sec- 
tion 3 (i.e.. the moving distance per step) is equal to the 



electrode arranging pitch P of the first electrode array 
12. In the fourth embodiment, however, the movement 
resolution of the movable section 3 is half the electrode 
arranging pitch P of the first electrode array 12 so as to 
make it possible to achieve the movement of a higher 
accuracy. 

[0082] It should also be noted that, in the fourth em- 
bodiment of the present invention, the connection be- 
tween the electrode and the pad can be achieved by a 
planar wiring in place of a steric wiring so as to improve 
the mass production capability of the electrostatic actu- 
ator. 

(Fifth Embodiment) 

[0083] FIG. 15 is a plan view showing the first elec- 
trode array 12 on the first stator section 1 included In an 
electrostatic actuator according to a fifth embodiment of 
the present invention. In the fifth embodiment of the 
present invention, two electrode groups are further add- 
ed to the first electrode array 1 2 used in the fourth em- 
bodiment of the present invention. To be more specific, 
the first electrode array 12 in the fifth embodiment in- 
cludes a first electrode group 1 2-1 consisting of the elec- 
trodes 12A+ and 12B+, a second electrode group 12-2 
consisting of the electrodes 12A- and 12B-, a third elec- 
trode group 1 2-3 consisting of the electrodes 1 2C+ and 
12D+, a fourth electrode group 12-4 consisting of the 
electrodes 12C- and 12D-, a fifth electrode group 12-5 
consisting of the electrodes 12E+ and 12F+, and a sixth 
electrode group 12-6 consisting of the electrodes 12E- 
and 12F-,. These electrode groups 12-1, 12-2, 12-3, 
12-4, 12-5 and 12-6 are arranged in the order men- 
tioned. 

[0084] The electrodes of the electrode groups 12-1 
and 12-2 have an electrically paired relationship and are 
arranged to extend in the X-direction at the same pitch 
P and under the same phase. Likewise, the electrodes 
of the electrode groups 12-3 and 12-4 have an electri- 
cally paired relationship and are arranged to extend in 
the X-direction at the same pitch P and under the same 
phase. Further, the electrodes of the electrode groups 
12-5 and 12-6 have an electrically paired relationship 
and are arranged to extend in the X-direction at the 
same pitch P and under the same phase. However, the 
phase of the electrodes of the electrode groups 12-5 and 
12-6 is deviated by 1/3 pitch (P/3) from the phase of the 
electrodes of the electrode groups 12-3 and 12-4 and, 
thus, is deviated by 2/3 pitch (2P/3) from the phase of 
the electrodes of the electrode groups 12-1 and 12-2. 
[0085] On the other hand, the second electrode array 
22 on the second stator section 2 consists of two band- 
like electrodes 22M and 22N formed on the substrate 
21 a predetermined distance apart from each other and 
extending in the longitudinal direction (first direction) of 
the substrate 21. Further, the third electrode 34 is 
formed in six rows on the movable section 3 in a manner 
to correspond to the electrode groups 12-1 , 12-2, 12-3, 
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12D+, the electrode 12D-, respectively. 
[0096] In the first step, a positive voltage is applied to 
the electrode 12A+ on the first stator section 1 and a 
negative voltage is applied to the electrode 12A- on the 
first stator section 1 during a period T1 as shown in 
FIGS. 17A and 17B. In this stage, the circuit consisting 
of the electrode 1 2A+, the fifth electrode 33 and the elec- 
trode 12A- equivalently corresponds to a series circuit 
including two capacitors so as to generate lines of elec- 
tric force running through the electrode 12A+, the fifth 
electrode 33 and the electrode 12A-. Since the lines of 
electric force thus generated tend to shrink as much as 
possible, an electrostatic attractive force is generated 
between the electrodes 12A+, 12A- and the fifth elec- 
trode 33, with the result that the movable section 3 is 
moved toward the first stator section 1 . 
[0097] Then, a positive voltage is applied to the elec- 
trode 12C+ on the second stator section 2 and a nega- 
tive voltage is applied to the electrode 12C- on the sec- 
ond stator section 2 during a period T2 as shown in 
FIGS. 1 7E and 1 7F. In this stage, the circuit consisting 
of the electrode 12C+, the sixth electrode 34 and the 
electrode 12C- equivalently corresponds to a series cir- 
cuit including two capacitors so as to generate lines of 
electric force running through the electrode 12C+, the 
sixth electrode 34 and the electrode 12C-. Since the 
lines of electric force thus generated tend to shrink as 
much as possible, an electrostatic attractive force is 
generated between the electrodes 12C+, 12C- and the 
fifth electrode 33, with the result that the movable sec- 
tion 3 is moved toward the second stator section 2 It 
should be noted that the phase of the electrodes 12C+ 
1 2C- is deviated by P/2 from the phase of the electrodes 
12A+, 12A-, with the result that the movable section 3 
is moved to the right in FIG. 16 by P/2 when moved to 
the second stator section 2. 

[0098] In the next step, a positive voltage is applied 
to the electrode 12B+ on the first stator section 1 and a 
negative voltage is applied to the electrode 12B- on the 
first stator section 1 during a period T3 as shown in 
FIGS. 17C and 17D. In this stage, lines of electric force 
are generated in a manner to run through the electrode 
12B+, the fifth electrode 33 and the electrode 12B-. As 
a result, an electrostatic attractive force is generated be- 
tween the electrodes 1 2B+ , 12B- and the fifth electrode 
33, with the result that the movable section 3 is moved 
toward the first stator section 1 . It should be noted that 
the phase of the electrodes 12B+, 12B- is deviated by 
P/2 from the phase of the electrodes 12A+, 12A-, with 
the result that the movable section 3 is moved to the 
right in FIG. 16 by P/2 when moved to the first stator 
section 1. 

[0099] Then, a positive voltage is applied to the elec- 
trode 12D+ on the second stator section 2 and a nega- 
tive voltage is applied to the electrode 12D- on the sec- 
ond stator section 2 during a period T4 as shown in 
FIGS. 17G and 17H. As a result, lines of electric force 
are generated to run through the electrode 12D+ the 



sixth electrode 34 and the electrode 12D-, and an elec- 
trostatic attractive force is generated between the elec- 
trodes 12D+, 12D- and the sixth electrode 34, with the 
result that the movable section 3 is moved toward the 
5 second stator section 2. It should be noted that the 
phase of the electrodes 12D+, 12D- is deviated by P/2 
from the phase of the electrodes 12C+, 12C- with the 
result that the movable section 3 is moved to' the right 
in FIG. 1 6 by P/2 when moved to the second stator sec- 
10 tion 2. 

[0100] By the driving operation described above the 
movable section is macroscopically moved to the right 
in FIG. 16 while being vibrated microscopically between 
thefirststatorsectionandthesecondstatorsection The 
movable section 3 can be moved to the left in FIG 16 
by making opposite the order of applying a DV voltage 
to the electrodes. w 
[0101] Likewise, a DC voltage is applied successively 

*n *Vo hee,e ™ 

12B+, the electrode 12B-, the electrode 12C+- the elec- 
trode 12C-, the electrode 12D+ and the electrode 12D- 
dunng periods T4 to T8, and the driving operation of one 
period T is finished by the periods T1 to T8. It should be 
noted in this connection that the polarity of the DC volt- 
es age applied during the periods T5 to T8 is opposite to 
that of the DC voltage applied during the periods T1 to 
T4, as apparent from FIGS. 17A to 17H, with the result 
that the charge produced by the dielectric polarization 
of the dielectric films 13, 23 is canceled as in the em- 
30 bodiments described previously. It follows that the mov- 
ing operation of the movable section 3 is prevented from 
being rendered unstable by the dielectric polarization 
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(Seventh Embodiment) 



[0102] FIG. 18 is a plan view showing the first elec- 
trode array 12 on the first stator section 1 according to 
a seventh embodiment of the present invention The 
seventh embodiment of the present invention differs 
40 from the sixth embodiment in that the first electrode 
group 12-1 m the sixth embodiment consisting of the 
electrodes 12A+ and 12B+ is divided into electrode 
groups 12-1 A and 12-B, and these electrode groups 
12-1 A and 12-B are arranged on both sides of the sec- 
ond electrode group 12-2 consisting of the electrodes 
12A-and 12B-. The electrodes belonging to the same 
group of the divided electrode groups 12-1 A and 12-1B 
are commonly connected by wirings, and these divided 
electrode groups 12-1A and 12-B collectively perform 
so the function of a single electrode group. 

[01 03] On the other hand, the phase of the electrodes 
of the second electrode array (not shown) on the second 
stator section 2 is deviated by 1/2 pitch from the phase 
of the electrodes of the first electrode array as in the 
55 sixth embodiment. The driving operation of the seventh 
embodiment is equal to that of the sixth embodiment 
and, thus, the description is omitted in respect of the 
driving operation of the seventh embodiment 
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trode array (22), the first and second electrode 
sections (33, 34) being maintained at a prede- 
termined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first and second electrode ar- 5 
rays (12, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the predeter- 
mined floating potential and a second level low- 
er than the predetermined floating potential, 
the first DC voltage signal being applied to the 10 
adjacent first and second electrodes (12A, 12B, 
1 2C, 1 2D) of the first electrode array (1 2) to at- 
tract the first electrode section (33) of the mov- 
able section (3) during a first period, the first 
and second electrodes (12A, 12B, 12C, 12D) is 
of the first electrode array (12) being main- 
tained at the first and second levels during the 
first period, respectively, 
the second DC voltage signal being applied to 
the fourth and fifth electrodes (22, 22M, 22N, 20 
22E, 22F, 22G, 22H) of the second electrode 
array (22) to attract the second electrode sec- 
tion (34) of the movable section (3) during a 
second period, the fourth and fifth electrodes 
(22, 22M, 22N, 22E, 22F, 22G, 22H) of the sec- 25 
ond electrode array (22) being maintained at 
the first and second levels during the second 
period, respectively, 

the third DC voltage signal being applied to the 
adjacent second and third electrodes (12A, 30 
12B. 12C, 12D) of the first electrode array (12) 
to attract the first electrode section (33) of the 
movable section (3) during a third period, the 
second and third electrodes (12A, 12B, 12C, 
12D) of the first electrode array (12) being 35 
maintained at the first and second levels during 
the third period, respectively, 
the fourth DC voltage signal being applied to 
the fourth and fifth electrodes (22, 22M, 22N, 
22E. 22F, 22G, 22H) of the second electrode 40 
array (22) to attract the second electrode sec- 
tion (34) of the movable section (3) during a 
fourth period, the fourth electrode (22, 22M 
22N. 22E, 22F, 22G, 22H) of the second elec- 
trode array (22) being maintained at one of the 45 
first and second levels during the fourth period, 
and the fifth electrode (22, 22M, 22N, 22E, 22F,' 
22G, 22H) of the second electrode array (22) 
being maintained at the other of first and sec- 
ond levels during the fourth period, and so 
the movable section (3) being moved in the first 
direction in accordance with the application of 
the first, second, third and fourth DC voltage 
signals. 

55 

The electrostatic actuator according to claim 1, 
characterized in that: 



the first electrode array (12) further includes a 
sixth electrode, 

the fifth DC voltage signal being applied to the 
adjacent third and sixth electrodes (12A, 12B, 
1 2C, 12D) of the first electrode array (12) to at- 
tract the first electrode section'(33) of the mov- 
able section (3) during a fifth period, the third 
and sixth electrodes (12A f 12B, 12C, 12D) of 
the first electrode array (12) being maintained 
at the first and second levels during the fifth pe- 
riod, respectively. 

3. The electrostatic actuator according to either of 
claims 1 or 2, characterized in that: 

the movable section (3) has concave and con- 
vex portions, faced to the first electrode array 
(12), the first electrode section (33) of the mov- 
able section (3) formed on the convex portion. 

I. An electrostatic actuator, characterized by com- 
prising: 

a first stator section (1) including a first elec- 
trode array (1 2) including first, second and third 
electrodes (12A, 12B, 12C, 12D) arranged at a 
predetermined pitch in a first direction; 
a second stator section (2) arranged to face the 
first stator section (1) and to define a space be- 
tween the first and second stator sections (1 , 
2), and including a second electrode array (22) 
including fourth, fifth and sixth electrodes (22E, 

22F, 22G, 22H) arranged at the predetermined 
pitch in the first direction; 

a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first electrode array (12) and a second 
electrode section (34) facing the second elec- 
trode array (22), the first and second electrode 
sections (33, 34) being maintained at a prede- 
termined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age sig nals to the first and second electrode ar- 
rays (12, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the predeter- 
mined floating potential and a second level low- 
er than the predetermined floating potential, 
the first DC voltage signal being applied to the 
adjacent first and second electrodes (12A, 1 2B, 
1 2C, 1 2D) of the first electrode array (12) to at- 
tract the first electrode section (33) of the mov- 
able section (3) during a first period, the first 
and second electrodes (12A, 12B, 12C, 12D) 
of the first electrode array (12). being main- 
tained at the first and second levels during the 
first period, respectively, 
the second DC voltage signal being applied to 
the adjacent fourth and fifth electrodes (22E, 
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third electrode array (22) to attract the second 
electrode section (34) of the movable section 
(3) during a second period, 
the third DC voltage signal being applied to the 
second and third electrodes (12A+, 12B+ 5 
12C +! 12D+, 12A-, 12B-, 12C : , 12D-) of the first 
and second electrode arrays (12, 12-1, 12-2) to 
attract the first electrode section (33) of the 
movable section (3) during a third period, the 
second and third electrodes (12A+, 12B+ w 
12C+ : 12D+, 12A-, 12B-, 12C-, 12D-) of the first 
and second electrode arrays (12, 12-1, 12-2) 
being maintained at the first and second levels 
during the third period, respectively, and the 
movable section (3) being moved in the first di- 15 
rection in accordance with the application of the 
first, second and third DC voltage signals. 

9. The electrostatic actuator according to claim 8, 
characterized in that: ' 20 

the first and second electrodes (22M, 22N) of 
the third electrode array (22) are extended in 
the first direction. 

25 

10. The electrostatic actuator according to claim 9, 
characterized in that: 

the first and second electrode arrays (1 2, 1 2-1 , 
12-2) further includes sixth electrodes (12A+' 30 
12B-K. 12C+, 12D+, 12A-, 12B-, 12C-, 12D-), ' 
the fourth DC voltage signal is applied to the 
fourth and fifth electrodes (22M, 22N) of the 
third electrode array (22) to attract the second 
electrode section (34) of the movable section 35 
(3) during a fourth period, and 
the fifth DC voltage signal is applied to the sixth 
electrodes (12A+, 12B+, 12C+, 12D+, 12A-, 
12B-, 12C-, 12D-) of the first and second elec- 
trode arrays (1 2, 12-1 , 12-2) to attract the sec- 40 . 
ond electrode section (34) of the movable sec- 
tion (3) during a fifth period. 

11. An electrostatic actuator, characterized by com- 
prising: 45 

a first stator section (1 ) including first and sec- 
ond electrode arrays (12, 12-1, 12-2) each in- 
cluding first and second electrodes (12A+, 
12B+, 12A-, 12B-) and arranged substantially so 
in parallel and at a predetermined pitch in a first 
direction; 

a second stator section (2) arranged to face the 
first stator section (1 ) and to define a space be- 
tween the first and second stator sections (1, 55 
2), and including third and fourth electrode ar- 
rays (22, 22-1 , 22-2) each including third and 
fourth electrodes (22C+, 22D+.22C-, 22D-) and 



arranged substantially in parallel and at a pre- 
determined pitch in the first direction, the third 
and fourth electrode array (22, 22-1 , 22-2) be- 
ing arranged at the same pitch as that of the 
first and second electrode arrays (12, 12-1, 
12-2) in the first direction and the arrangement 
of the third and fourth electrode arrays (22, 
22-1, 22-2) being deviated by the half of the 
predetermined pitch from the arrangement of 
the first and second electrode arrays (12 12-1 
12-2); 

a movable section (3) arranged in the space 
and including a first electrode section (33) fac- 
ing the first and second electrode arrays (12, 
12-1,1 2-2) and a second electrode section (34) 
facing the third and fourth electrode arrays (22, 
22-1 , 22-2), the first and second electrode sec- 
tions (33, 34) being maintained at a predeter- 
mined floating potential; and 
a driving circuit (4) configured to apply DC volt- 
age signals to the first, second, third and fourth 
electrode arrays(12, 12-1, 12-2, 22, 22-1 , 
22-2), alternatively, the DC voltage signal hav- 
ing a first level higher than the predetermined 
floating potential and a second level lower than 
the predetermined floating potential, 
the first DC voltage being applied to the first 
electrodes (12A+, 12B+, 12A-, 12B-) of the first 
and second electrode arrays (12,12-1,1 2-2) to 
attract the first electrode section (33) of the 
movable section (3) during a first period, the 
first electrodes (12A+, 12B+-, 12A-, 12B-) of the 
first and second electrode arrays (12, 12-1, 
12-2) being maintained at the first and second 
levels during the first period, respectively, 
the second DC voltage being applied to the 
third electrodes (22C+, 22D+,22C-, 22D-) of 
the third and fourth electrode arrays (22, 22-1 
22-2) to attract the second electrode section 
(34) of the movable section (3) during a second 
period, the third electrodes of the third and 
fourth electrode arrays being maintained at the 
first and second levels during the second peri- 
od, respectively, 

the third DC voltage being applied to the sec- 
ond electrodes (12A+, 12B*. 12A-, 12B-) of the 
first and second electrode arrays (12, 12-1, 
12-2) to attract the first electrode section (33) 
of the movable section (3) during a third period, 
the second electrodes (12A+, 12B+, 12A-,' 
12B-) of the first and second electrode arrays 
(12, 12-1, 12-2) being maintained at the first 
and second levels during the third period, re- 
spectively, 

the fourth DC voltage being applied to the fourth 
electrodes (22C+, 22D+.22C-, 22D-) of the 
third and fourth electrode arrays (22, 22-1 , 
22-2) to attract the second electrode section 
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the movable section (3) has concave and con- 
vex portions faced to the first electrode array 
(12), the first electrode section (33) of the mov- 
able section (3) formed on the convex portion. 

5 

16. A camera module for photographing a picture im- 
age, characterized by comprising: 

an electrostatic actuator, including: 

1C 

a first stator section (1) including a first 
electrode array (12) including first, second 
and third electrodes (12A, 12B, 12C, 12D) 
arranged at a predetermined pitch in a first 
direction; 15 
a second stator section (2) arranged to 
face the first stator section (1 ) and to define 
a space between the first and second sta- 
tor sections (1, 2), and including a second 
electrode array (22) including fourth and 20 
fifth electrodes (22, 22M, 22N, 22E, 22F, 
22G, 22H); 

a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first electrode array (12) 25 
and a second electrode section (34) facing 
the second electrode array (22), the first 
and second electrode sections (33 : 34) of 
the movable section (3) being maintained 
at a predetermined floating potential; and 30 
a driving circuit (4) configured to apply DC 
voltage signals to the first and second elec- 
trode arrays (12, 22), alternatively, the DC 
voltage signal having a first level higher 
than the predetermined floating potential 35 
and a second level lower than the prede- 
termined floating potential, 
the first DC voltage signal being applied to 
the adjacent first and second electrodes of 
the first electrode array (12) to attract the 40 
first electrode section (33) of the movable 
section (3) during a first period, the first and 
second electrodes of the first electrode ar- 
ray (12) being maintained at the first and 
second levels during the first period, re- 45 
spectively, 

the second DC voltage signal being ap- 
plied to the fourth arid fifth electrodes of the 
second electrode array (22) to attract the 
second electrode section (34) of the mov- so 
able section (3) during a second period, 
the third DC voltage signal being applied to 
the adjacent second and third electrodes 
of the first electrode array (1 2) to attract the 
first electrode, section (33) of the movable 55 
section (3) during a third period, the second 
and third electrodes of the first electrode 
array (1 2) being maintained at the first and 



second levels during the third period, re- 
spectively, and the movable section (3) be- 
ing moved in the first direction in accord- 
ance with the application of the first, sec- 
ond and third voltage signals. 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 
figured to transfer the picture image; and 
an image pick-up element (101) configured to 
receive the transferred picture image to gener- 
ate a image signal. 

A camera module for photographing a picture im- 
age, characterized by comprising: 

an electrostatic actuator, including: 

a first stator section (1) including a first 
electrode array (12) including first, second 
and third electrodes (12A, 12B, 12C, 12D) 
arranged at a predetermined pitch in a first 
direction; 

a second stator section (2) arranged to 
face the first stator section (1 ) and to define 
a space between the first and second sta- 
tor sections (1 , 2), and including a second 
electrode array (22) including fourth, fifth 
and sixth electrodes (22 E, 22F, 22G, 22H) 
arranged at the predetermined pitch in the 
first direction; 

a movable section (3) arranged in the 
space and including a first electrode sec- 
tion (33) facing the first electrode array (1 2) 
and a second electrode section (34) facing 
the second electrode array (22), the first 
and second electrode sections (33, 34) be- 
ing maintained at a predetermined' floating 
potential; and 

a driving circuit (4) configured to apply DC 
voltage signals to the first and second elec- 
trode arrays (12, 22), alternatively, the DC 
voltage signal having a first level higher 
than the predetermined floating potential 
and a second level lower than the prede- 
termined floating potential, 
the first DC voltage signal being applied to 
the adjacent first and second electrodes 
(12A, 12B, 12C, 12D) of the first electrode 
array (1 2) to attract the first electrode sec- 
tion (33) of the movable section (3) during 
a first period, the first and second elec- 
trodes (12A, 12B, 12C, 12D) of the first 
electrode array (12) being maintained at 
the first and second levels during the first 
period, respectively, 

the second DC voltage signal being ap- 
plied to the adjacent fourth and fifth elec- 
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the fourth DC voltage being applied to the 
fourth electrodes (22C+, 22D+.22C-, 22D-) 
of the third and fourth electrode arrays (22, 
22-1 , 22-2) to attract the second electrode 
section (34) of the movable section (3) dur- 5 
ing a fourth period, the fourth electrodes 
(22C+, 22D+.22C-, 22D-) of the third and 
fourth electrode arrays (22, 22-1 , 22-2) be- 
ing maintained at the third and fourth levels 
during the fourth period, respectively, and 10 
the movable section (3) being moved in the 
first direction in accordance with the appli- 
cation of the first, second, third and fourth 
DC voltage signals. 

15 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 
figured to transfer the picture image; and 
an image pick-up element (101) configured to 
receive the transferred picture image to gener- 20 
ate a image signal. 

19. A camera module for photographing a picture im- 
age, characterized by comprising: 



an electrostatic actuator, including: 



25 



a first stator section (1 ) including first, sec- 
ond and third electrode arrays (12, 12-1, 
12-2, 12-3) each including first and second 30 
electrodes (12A+, 12A-, 12B+, 12B-) and 
arranged substantially in parallel and at a 
predetermined pitch in a first direction; 
a second stator section (2) arranged to 
face the first stator section (1) and to define 35 
a space between the first and second sta- 
tor sections (1, 2), and including a fourth 
electrode array (22) including third and 
fourth electrodes (22M, 22N); 
a movable section (3) arranged in the 40 
space and including a first electrode sec- 
tion (33) facing the first, second and third 
electrode arrays (12) and a second elec- 
trode section (34) facing the fourth elec- 
trode array (22), the first and second elec- 4s 
trode sections (33, 34) being maintained at 
a predetermined floating potential; and 
a driving circuit (4) configured to apply DC 
voltage signals to the first, second, third 
andfourth electrode arrays (12, 12-1 , 12-2, so 
12-3, 22), alternatively, the DC voltage sig- 
nal having a first level higher than the pre- 
determined floating potential and a second 
level lower than the predetermined floating 
potential, 55 
the first DC voltage signal being applied to 
the first electrodes (12A+, 12A-, 12B+, 
12B-) of the first, second and third elec- 



trode arrays (12, 12-1 ,12-2, 12-3) to attract 
the first electrode section (33) of the mov- 
able section (3) during a first period, the 
first electrodes (12A+, 12A-, 12B+, 12B-) 
of the first and third electrode arrays (12, 
12-1, 12-2, 12-3) being maintained at one 
of the first and second levels during the first 
period and the first electrode (12A+, 12A-, 
12B+, 12B-) of the second electrode array 
(12, 12-2) being maintained at the other of 
the first and second levels during the first 
period, 

the second DC voltage signal being ap- 
plied to the third and fourth electrodes 
(22M, 22N) of the fourth electrode array 
(22) to attract the second electrode section 
(34) of the movable section (3) during a 
second period, 

the third DC voltage signal being applied to 
the second electrodes (12A+, 12A-, 12B+, 
12B-) of the first, second and third elec- 
trode arrays (12,12-1,1 2-2, 1 2-3) to attract 
the first electrode section (33) of the mov- 
able section (3) during a third period, the 
second electrodes (12A+, 12A-, 12B4-, 
12B-) of the first and third electrode arrays 
(12, 12-1, 12-2, 12-3) being maintained at 
one of the first and second levels during the 
third period, the second electrodes (12A+, 
1 2A-, 1 2B*-, 1 2B-) of the second electrode 
array (12, 12-2) being maintained at the 
other of the first and second levels during 
the third period, and the movable section 
(3) being moved in the first direction in ac- 
cordance with the application of the first, 
second and third DC voltage signals. 

a lens (5) mounted in the movable section (3) 
and movable with the movable section (3), con- 
figured to transfer the picture image; and* 
an image pick-up element (101) configured to 
receive the transferred picture image to gener- 
ate a image signal. 
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(54) Electrostatic actuator and camera module using the same 



. (57) An electrostatic actuator comprises a first sta- 
tor section (1) having a first electrode array (12) ar- 
ranged. in a first direction, and a second stator section 
(2) having a second electrode array (22) of electrodes 
formed in the first direction. A movable section (3) hav- 
ing a fifth electrode (33) and a sixth electrode 34 ar- 
ranged to face the first eiectrode array (1 2) and the sec- 
ond electrode array (22), respectively, is arranged be- 
tween the first stator section (1) and the second stator 
section (2). A driving circuit (4) alternately performs a 



first driving operation in which a DC voltage is applied 
between the adjacent electrodes of the first electrode 
array (12) and a second driving operation in which a DC 
voltage is applied between the electrodes of the second 
electrode array (22). The voltage application is succes- 
sively performed by deviating the positions of the elec- 
trodes to which the DC voltage is applied by the first 
driving operation so as to move the movable section (3) 
in the first direction while vibrating the movable section 
(3) between the first stator section (1) and the second 
stator section (2). 
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